Abstract: Many North American grassland songbirds are experiencing significant population declines, partly because of landuse practices associated with agricultural activity. The aim of this study was to compare the habitat correlates of songbirds breeding in native mixed-grass prairie with patterns found in introduced vegetation dominated by crested wheat grass (Agropyron pectiniforme). We assessed plant species composition, habitat structure, and bird species diversity over 2 years to document species-and community-level trends in southwestern Saskatchewan, Canada. In addition to having higher plant species richness and diversity, native vegetation consisted of significantly more grass and sedge cover, less bare ground, deeper litter, and higher density within 10 cm of the ground than introduced vegetation. Bird species richness and diversity and the abundance of Baird's Sparrows (Ammodramus bairdii) and Savannah Sparrows (Passerculus sandwichensis) increased significantly along a multivariate gradient from open to more sheltered habitat, regardless of vegetation type. Sprague's Pipits (Anthus spragueii) showed a curvilinear increase along the same gradient, occurring in high numbers where habitats offered an intermediate level of cover. Our findings suggest that species richness and diversity within songbird communities and the abundance of some species may be reduced where conversion to crested wheat grass results in more open habitat.
Introduction
Migratory songbirds represent a significant conservation challenge, especially on the prairies of North America (Knopf 1994) . Grassland species have undergone large population declines in recent years, presumably because of habitat changes associated with agricultural activity (Gayton 1991; Herkert 1995; Sauer et al. 1996) . Where cattle ranching is the dominant form of land use in Canada, government policy has encouraged the introduction of exotic plants for tame forage or hay production because native grasses are generally unsuitable for early-spring grazing (Knowles and Buglass 1980; Thornton et al. 1995) . Crested wheat grass (Agropyron pectiniforme), a Eurasian species, has been planted extensively during most of this century and continues to be popular because of its drought tolerance and rapid spring growth (Knowles and Buglass 1980) . There are currently over one million hectares of crested wheat grass in Canada, and this is expected to rise as cropland is retired from production (Holt 1994; Dormarr et al. 1995) .
Despite the widespread use of crested wheat grass and a growing interest in songbird conservation, few studies have examined the effects of this type of introduced vegetation on © 1998 NRC Canada songbird distributions (e.g., Sutter et al. 1995; Davis and Duncan 1998 ). Here we compare habitat correlations for songbird species and communities in crested wheat grass with those in native mixed-grass prairie. Our objectives were (i) to describe native and introduced habitats in terms of their plant species composition, physiognomy, and structural heterogeneity, and (ii) to document habitat correlations along univariate and multivariate gradients. We focussed on structural heterogeneity because of the potential for spatial patchiness to influence grassland bird community structure (Kantrud 1981 ; but see Wiens 1974a ) and species abundance (Herkert 1994) . We assumed that native prairie would be the more heterogeneous habitat because it supports a richer plant community (Christian 1996; McCanny et al. 1996) . We tested correlations involving multivariate gradients because avian habitat choice may be an integrative response to a range of structural cues (Wiens 1989) .
Methods
Site description and study design Fieldwork for this study was conducted from 4 to13 May 1994 and from 9 to 21 May 1995 on a 3600-ha site at the south end of the Matador provincial community pasture (50°48ЈN, 107°57ЈW) in Saskatchewan, Canada. The site consists of flat to gently rolling grassland on brown lacustrine clay at approximately 680 m above sea level. The native vegetation is mixed-grass prairie dominated by northern and western wheat grass (Agropyron dasystachyum and A. smithii, respectively), June grass (Koeleria gracilis), and green needle grass (Stipa viridula), with occasional patches of needle-and-thread grass (Stipa comata) (Coupland et al. 1973) . The introduced vegetation at the site consists of crested wheat grass alone or in combination with Russian wild rye (Elymus junceus) and alfalfa (Medicago sativa).
We established 20 survey stops in native prairie and another 20 in introduced vegetation dominated by crested wheat grass. Stops were arranged in paired groups of 4 so that one member of each pair was in native prairie and the other was in introduced vegetation. Group locations were randomly chosen with respect to bird density, and paired groups were <1 km apart to minimize effects, and due to differences in avian source populations. Stops in each group were 300 m apart and at least 200 m from fences or vegetation boundaries to ensure spatial independence. All sampling areas were lightly grazed by cattle during the study and had been under moderate or light grazing pressure for several years beforehand.
Bird counts
We estimated the number of male songbirds at each survey stop by conducting unlimited-radius point counts between 05:00 and 07:30 on calm, rain-free mornings (Bibby et al. 1992) . All counts were conducted by the same two observers in both years. Observers remained at each stop for 5 min and recorded the number of singing birds seen or heard during that period. Birds flying through the area and lekking species were not included. We began sampling 1 min after reaching the stop in order to minimize disturbance effects, and we chose sampling assignments at random to minimize observer bias. Each stop was sampled twice within 5 d, and those in a given pair were always surveyed simultaneously.
Vegetation analysis
Within 3 d of completing bird counts, we measured habitat structure by randomly placing two 0.5 ϫ 0.5 m quadrats 10 m from each stop. In each quadrat, we estimated the percentage of cover of grasses and sedges, forbs and shrubs, bare ground (including mineral soil, mosses, and lichens), and litter, based on the Daubenmire scale (Barbour et al. 1980 ). We measured forb density (number of plant contacts/m 2 ) by dividing the quadrat into four equal subquadrats and measuring the distance between the centre point and the nearest forb in each subquadrat (Barbour et al. 1980) , and we estimated the maximum height (cm) of the vegetation by measuring the height of the tallest plant in each subquadrat (excluding influorescences). We also measured vertical vegetation density by counting the number of plant contacts above and below 10 cm along a thin vertical rod placed randomly within each subquadrat (Sutter et al. 1995) .
We calculated vertical and horizontal heterogeneity within groups by calculating coefficients of variation for litter depth and grass and sedge cover, respectively. Because each coefficient was based on only 4 samples (i.e., there were 4 stops per group), we applied the correction for small sample sizes (1 + ¼N) recommended by Sokal and Rohlf (1981) .
In 1995, we quantified plant species composition by identifying individual species and estimating their percent cover using the same 0.5 ϫ 0.5 m quadrats. Unknown forbs were identified using herbarium specimens or revisited later in the growing season when it was easier to identify them.
Data analysis
Differences in plant species composition, habitat structure, bird community parameters, and bird species abundance were tested using paired groups of stops as the sampling unit (n = 5). Paired tests were used in each case to account for differences between groups. Multivariate, correlation, and regression analyses were based on data from individual stops (n = 20) to provide statistical power and a close spatial connection between habitat measurements and bird territories. Point counts were assumed to be spatially independent because observer training and the large distance between stops (300 m) reduced the likelihood of counting birds twice.
We quantified bird species richness by counting the species detected at each stop, and we estimated bird species diversity and evenness by calculating the indices developed by Hill (1973) . For plants, we estimated species richness by counting the species in each quadrat, and calculated Hill's (1973) indices by using percent cover as a measure of proportional abundance.
To test for differences between native and introduced vegetation in terms of habitat structure and plant-community parameters, we pooled data across years and transformed the resulting means for each stop to correct for heteroscedasticity and deviations from normality. We used a square-root transformation for grass and sedge cover, forb and shrub cover, litter cover, bare ground, maximum height, and number of contacts below 10 cm, and a natural logarithmic transformation for forb density, litter depth, and number of contacts above 10 cm (Sokal and Rohlf 1981) . We tested means for each group using paired t tests and compared means for each stop using principal components analysis (PCA).
To assess bird community structure and species abundance, we calculated within-year means for each stop. We tested these variables for year effects using Kruskal-Wallis nonparametric analysis of variance because the underlying distributions were non-normal and heteroscedastic. Year effects were significant (p < 0.05) only for the Grasshopper Sparrow (Ammodramus savannarum) and McCown's Longspur (Calcarius mccownii), with both species occurring in higher numbers in 1995. As both species were also relatively rare, we pooled all bird data across years and compared means for each stop using a paired t test or Wilcoxon's matched-pairs test, depending on the outcome of tests for normality and homoscedasticity. Species richness and diversity were transformed using (x + 0.5) 1/2 (Sokal and Rohlf 1981 ).
Finally, we tested bird community parameters and the abundance of common bird species against univariate measurements of habitat structure, using means for each stop and correlation analysis. (We considered a bird species to be "common" if it was detected at least once per stop in native or introduced vegetation.) We also tested bird community and abundance measurements against the first two PCA axes, using correlation and regression analysis. For all tests, significance was set at p < 0.05.
Results
Habitat composition and structure As we expected, introduced vegetation had significantly lower plant species richness and diversity and significantly higher evenness than native prairie (t = 8.67, 2.98, and 4.45, respectively, df = 4, p < 0.05; Table 1 ). Crested wheat grass accounted for much (17%) of the cover in introduced vegetation, while four grass species each provided 3-8% of the cover in native prairie (Table 1 ). Native vegetation also had significantly higher grass and sedge cover, less bare ground, deeper litter, and more contacts below 10 cm than introduced vegetation (Table 2) . We found no significant differences in vertical and horizontal heterogeneity, although coefficients of variation for both variables were slightly higher for native vegetation ( Table 2) .
The first PCA axis (eigenvalue 32.4) failed to separate vegetation types on the basis of positive correlations with grass and sedge cover and maximum height (factor loadings 1.72 and 1.06, respectively) and negative correlations with litter depth and number of contacts above 10 cm (factor loadings -1.13 and -1.44, respectively; Fig. 1 ). The second axis (eigenvalue 3.5) produced a clear but incomplete separation between vegetation types on the basis of positive correlations with grass and sedge cover and litter cover (factor loadings 1.09 and 1.11, respectively) and a negative correlation with bare ground (factor loading -2.22; Fig. 1 ). We tested the first axis against bird community parameters and abundance estimates because it explained 81% of the total variation in structural measurements. We also tested the second axis, which accounted for 9% of the total variation, because it described the sort of shift from open to more sheltered areas that appears to play a role in habitat selection by grassland birds (Cody 1985) . The third axis produced by PCA (eigenvalue 1.1) accounted for only 3% of total variation, based on a positive correlation with forb density (factor loading 2.46) and a negative correlation with bare ground (factor loading -1.08).
Bird communities
Bird communities in native and introduced vegetation were virtually identical in terms of species richness, diversity, and evenness (Table 3) . In native vegetation, bird species richness Fig. 1 . Scatterplots of factor loadings from PCA of habitat structure measurements in native prairie (᭹) and introduced vegetation (᭺). Note the partial separation of vegetation types along the second axis. %GS, grass and sedge cover; %LT, percent litter cover; %BG, percent bare ground; LD, litter depth; CAB, number of plant contacts above 10 cm; MH, maximum height. Note: Values are given as the mean, with the standard error in parentheses, based on n = 5. *, p < 0.05, **, p < 0.01. CV, coefficient of variation; LD, litter depth; %GS, grass and sedge cover. Note: Values are given as the mean, with the standard error in parentheses, based on n = 5. Plant community parameters were tested with a paired t test; *, p < 0.05; **, p < 0.01. Richness and diversity = (x + 0.5) 1/2 . a Introduced species.
© 1998 NRC Canada and diversity showed significant negative correlations with forb density (Pearson's r = -0.64 and -0.61, respectively; n = 20 for all correlations) and significant positive correlations with litter depth, number of contacts above 10 cm, and number of contacts below 10 cm (r = 0.47-0.59). Species richness also showed a significant positive correlation with grass and sedge cover (r = 0.50). In native prairie, evenness showed significant negative correlations with grass and sedge cover and number of contacts below 10 cm (r = -0.58 and -0.49, respectively) and a significant positive correlation with forb density (r = 0.46). In introduced vegetation, bird species richness showed a significant positive correlation with litter depth (r = 0.51), and evenness showed a negative correlation with bare ground (r = -0.51). Also, bird species richness and diversity showed significant positive correlations with litter cover (r = 0.53 in both cases) and significant negative correlations with bare ground (r = -0.62 and -0.53, respectively). No community parameter was significantly correlated with the first PCA axis except for bird species diversity, which increased in introduced vegetation (r = 0.46). In contrast, bird species richness and diversity both showed significant positive correlations with the second PCA axis in both vegetation types (r = 0.45-0.55; Fig. 2) 
Bird species
Of the 11 bird species detected, only the Savannah Sparrow (Passerculus sandwichensis), Baird's Sparrow (Ammodramus bairdii), Sprague's Pipit (Anthus spragueii), and Western Meadowlark (Sturnella neglecta) were common by our definition. All four species were equally abundant in native and introduced vegetation, the difference for Sprague's Pipit being significant at p < 0.10 (Table 3 ).
Baird's Sparrows and Savannah Sparrows showed many significant and comparable habitat correlations. In introduced vegetation, numbers of Baird's Sparrows and Savannah Sparrows were positively related to grass and sedge cover (r = 0.46 and 0.61, respectively), maximum height (r = 0.61 and 0.44, respectively), and litter depth (r = 0.57 and 0.56, respectively). Baird's Sparrows also showed significant nega- tive correlations with bare ground and vertical heterogeneity (r = -0.70 and -0.49, respectively) and significant positive correlations with litter cover, number of contacts above 10 cm, number of contacts below 10 cm, and the first PCA axis (r = 0.60, 0.51, 0.60, and 0.55, respectively) . In native vegetation, numbers of Baird's Sparrows and Savannah Sparrows showed significant positive correlations with litter cover (r = 0.66 and 0.52, respectively), litter depth (r = 0.59 and 0.58, respectively), number of contacts above 10 cm (r = 0.68 and 0.49, respectively), and number of contacts below 10 cm (r = 0.50 and 0.53, respectively), and significant negative correlations with the first PCA axis (r = -0.53 and -0.55, respectively). Numbers of Savannah Sparrows were also positively correlated with grass and sedge cover (r = 0.65) and negatively correlated with bare ground and forb density (r = -0.54 and -0.62, respectively). Finally, both sparrow species showed significant increases in abundance along the second PCA axis in both vegetation types (Fig. 3) .
Western Meadowlarks showed few significant correlations by comparison. In introduced vegetation, meadowlark numbers were positively related to litter depth, number of plant contacts below 10 cm, and the first PCA axis (r = 0.54, 0.55, and 0.46, respectively). In native prairie, meadowlark abundance was negatively correlated with maximum height and number of contacts below 10 cm (r = -0.56 and -0.55, respectively) and positively correlated with the first PCA axis (r = 0.44). Meadowlarks also differed from other common species by showing no significant correlation with the second PCA axis in either vegetation type (Fig. 3) .
Sprague's Pipits showed many significant habitat correlations, including several trends that differed between vegetation types. In native prairie, pipit numbers were negatively correlated with litter cover and number of contacts above 10 cm (r = -0.51 and -0.48, respectively) and positively correlated with bare ground, forb density, and the first PCA axis (r = 0.50, 0.54, and 0.48, respectively). In introduced vegetation, pipit numbers were positively correlated with number of contacts below 10 cm and the first PCA axis (r = 0.70 and 0.58, respectively). Pipit numbers were also positively correlated with grass and sedge cover, litter depth, and the second PCA axis in introduced vegetation (r = 0.57, 0.58, and 0.46, respectively) and negatively correlated with these variables in native prairie (r = -0.63, -0.47, and -0.58, respectively). When vegetation types were combined, pipit numbers showed a significant curvilinear correlation with the second PCA axis (Fig. 3) , suggesting that pipits were selecting an intermediate level of cover that was available in both habitats. 
Discussion
Our findings confirm that native mixed-grass prairie is botanically richer, more diverse, and less even than introduced vegetation dominated by crested wheat grass. Similar results have been reported elsewhere (Christian 1996; McCanny et al. 1996) , indicating that the conversion of native prairie to crested wheat grass produces a significant and general decrease in plant biodiversity. The fact that crested wheat grass can have twice as much bare ground as native mixedgrass prairie has also been noted elsewhere (Christian 1996) and may reflect the ability of this grass to alter the chemical composition of the surrounding soil (Dormarr et al. 1995) . While native prairie and introduced vegetation did not differ based on our measurements of structural heterogeneity, native prairie is likely to be the more complex habitat because of its high plant species richness. Given the potential for structural heterogeneity to act as a habitat correlate (Herkert 1994) , it would be useful to determine the spatial scales at which native and introduced vegetation diverge structurally and then test whether this affects bird community structure and abundance.
Our comparisons of bird community structure support Wiens (1974b) , who found little variation in bird species richness and diversity across five grassland habitats. At the same time, the presence of significant correlations along a structural multivariate gradient suggests that replacing native range with crested wheat grass, or producing more open habitat through overgrazing, will reduce the species richness and diversity of some grassland bird communities. The changes that we detected were relatively small, possibly because our study design did not account for patch-size effects; all samples in native vegetation were on the same piece of contiguous prairie, while those in crested wheat grass were on patches of vegetation ranging in size from 200 to 900 ha. In some prairie landscapes, bird species richness is strongly and directly related to fragment area, increasing by more than 800% across fragments of 0.5-600 ha (Herkert 1994) .
Our estimates of bird species abundance are consistent for vegetation under a moderate degree of grazing pressure (Owens and Myres 1973) . All of the species we defined as common are generally associated with habitats that offer abundant shelter, while Horned Larks and Chestnut-collared Longspurs were both scarce, in keeping with their preference for more heavily grazed habitat (Owens and Myres 1973; Dale 1983; Davis and Duncan 1998 ). Baird's Sparrows and Savannah Sparrows both exhibited correlations that reflect a general preference for dense vegetation (Owens and Myres 1973; Dale 1983; Sutter et al. 1995; Davis and Duncan 1998) . We expected the Western Meadowlark to show similar trends because this species is also associated with relatively dense vegetation (Dale 1983) . The fact that we found few correlations for meadowlarks suggests that their habitat choices are based on cues available at larger spatial scales, in keeping with their larger body size (Sadler and Maher 1974) .
The absence of community-and species-level effects due to vegetation type was not surprising, given the relatively small number of structural differences we found between native and introduced vegetation. Other studies have shown that habitat selection by grassland songbirds is affected more by structural cues than by plant species composition (Sutter et al. 1995; Davis and Duncan 1998) . At the same time, the tendency for Sprague's Pipits to favour native prairie over introduced vegetation has been reported on several occasions (e.g., Cody 1974; Dale 1983; Wilson and Belcher 1989; Davis and Duncan 1998) . Our results suggest that rather than choosing one vegetation type over another, pipits are simply drawn to habitats that offer an intermediate degree of cover. This preference may be associated with nest-site selection (Sutter 1997) , though if nesting was the only factor involved, we would expect to see comparable habitat correlations in Baird's Sparrow and other species that construct similar nests. A more likely explanation is that pipits differ from these other species in their foraging ecology and have refined their choice of breeding habitat accordingly. In this regard, it may be significant that pipits have a relatively thin, pointed bill well-suited to insect prey, and that their diet during the breeding season contains a wider array of animal matter and virtually no seeds compared with the other species we examined, except the Western Meadowlark (Maher 1974 ).
In conclusion, we found that grassland bird communities tend to have higher species richness and diversity where there is less bare ground in both native and introduced vegetation, with Sprague's Pipits showing a preference for an intermediate level of grassy cover in both habitats. Overall, however, these results suggest that habitat changes associated with the conversion of native prairie to crested wheat grass have had little impact on grassland bird community structure and species composition in southwestern Saskatchewan. We conducted a large number of individual tests, so some of the patterns we found may be due to chance alone. Most of our findings are also correlations. They provide no direct measure of the value of native and introduced vegetation as songbird breeding habitat. Given the magnitude of population declines in grassland birds and the fragmentation of their breeding areas (Knopf 1994; Herkert 1995) , additional studies are needed to examine avian productivity in native prairie and crested wheat grass at different spatial scales. It would also be useful to extend the comparison to other types of introduced vegetation and other animal groups.
